been studied in some detail from the allergic point of view, including bronchial provocation tests. A further four cases of rhinitis, apparently rarely troublesome enough to require medical advice, are briefly described. The findings indicate that the study of occupational asthma due to a single identifiable cause may contribute to the understanding of the more complex, multifactorial asthma encountered in general medical practice.
Case reports Case 1 S.J., a non-smoker aged 28, had worked in joiners' shops since the age of 15 years. There was no past or family history of respiratory or allergic disorders. For the past four years he had been constructing and installing interior fittings made from Western red cedar. About 18 months before admission he developed sneezing and rhinorrhoea in the afternoons of working days, the symptoms persisting into the evening. Bouts of coughing leading to shortness of breath began about six months before admission; at first the episodes occurred about 3 pm but later occurred by lunch time. The cough persisted into the early evening and would then ease; he regularly noticed marked shortness of breath when walking up a hill on his way home. A partial remission of symptoms occurred during a period when his exposure to cedar dust was considerably reduced.
In the past three months his symptoms had worsened and they now persisted into the night; they began to improve only on Saturday afternoons after 24 hours away from work, and he was relatively well on Sundays. At his worst he coughed up about 50 ml of yellow sputum daily. He felt generally unwell and had lost a stone (6 35 kg.) in weight in nine months. When first seen in the outpatients' department he had frank expiratory wheezing and mild nasal obstruction. On admission to hospital, after two weeks away from work, he was asymptomatic and the respiratory system was clinically normal.
On admission the forced expiratory volume at one second (FEV1. ) was 2-1 litres and the forced vital capacity (FVC) 5-0 litres, the corresponding figures after a sympathomimetic aerosol being 3-4 and 5 0 litres. The highest values for FEVY.o and FVC recorded in this patient were 4 05 and 5 40 litres. Allergy skin reactions are shown in the Table and the bronchial provocation tests, which were positive, are described in a later section.
Progress As the patient had a skilled and responsible post he was anxious to return to his us ial job, but on the third day at work he became wheezy at 5 pm and developed frank asthma at 10 pm. He subsequently avoided the dust as far as possible and worked mainly on installations away from the mill. When seen six months later, he had had no upper or lower respiratory symptoms other than transient recurrences on isolated occasions when brief exposure to cedar dust had been unavoidable. Following a further severe recurrence associated with protracted exposure he changed his job and has since remained free of symptoms. 
Where two results are shown separated by an oblique stroke, the patients were tested on two occasions separated by several months during which hyposensitization with cedar extract was attempted.
survey of 91 employees in the factory in which cases 3 and 4 worked. Although studied less thoroughly, they are of interest as they illustrate milder forms of the syndrome. Case 5 attended his doctor once in the early stages, before he recognized the relationship to his work, and gained little relief from symptomatic treatment. Case 6 had never visited a doctor.
Case 5 M.B., a non-smoker aged 40, admitted to some daily cough and sputum over years. He had also had seasonal vasomotor rhinitis for many years but had worked in dusty timber mills all his life without any other respiratory symptoms. He had been in his present job for nearly eight years without any change in his 'hay fever' or bronchitis until 18 months before the survey, when he noticed wheezing after about two hours of heavy exposure to the dust of a sanding machine. Asthmatic reactions recurred after all such heavy exposures for some months until he was transferred to a less dusty area, when the episodes ceased.
There were no abnormal chest signs on examination, other than a loose cough. The results of limited skin tests done in the factory are shown in the FEVY.o over the working day for men similarly exposed was 01 litre whilst over the weekend there was no significant change (Gandevia, 1970 A.P., a non-smoker aged 51 years, with no past or family history suggestive of respiratory disorder or allergy, started work at the factory seven years previously, working at first with various timbers with no symptoms. During the fourth year, approximately a year after beginning to work with Western red cedar, he developed rhinorrhoea and sneezing every morning at work, progressing to nasal obstruction later in the day. After some months he noticed wheezing at night at about 8 pm which lasted for an hour or so and was relieved by the production of sputum; he denied cough and sputum during the day. Symptoms were never present on Sundays. A year before the survey he was transferred at his own request from a dusty area of the factory next to a sanding machine to a different job with minimal dust exposure. His symptoms disappeared immediately and have not recurred since he has avoided the heavier exposures.
No abnormal physical signs were present in the chest on the day of examination and a deliberate cough on request was unproductive. The results of a limited series of skin tests are shown in the Table. At the time of the survey his FEV1.0 was 3-0 litres and FVC 4-2 litres on a Friday morning after starting work; the figures after two days' absence from work over a long weekend were 2-9 litres and 4-2 litres, indicating no significant effect on ventilatory capacity over the working week in his current non-dusty job. This patient's history was convincing, and his case is recorded to support the observation, noted in other instances, that mild forms of the syndrome can apparently be controlled by reducing exposure without necessarily eliminating it.
Cases of rhinitis The factory survey also extended our understanding of the clinical syndrome by revealing four subjects (including a father and son) with rhinitis attributable to working with Western red cedar. Nasal symptoms apparently rarely led to medical consultation, perhaps because they were relatively mild, the cause was usually obvious or alleviation was readily obtained by reduction in exposure. Nevertheless, it was suggested to us that a number of men had left their jobs because of them.
All four sufferers had worked with other timbers for years without nasal symptoms, but after varying periods from a few weeks to two years with Western red cedar they complained of rhinorrhoea and nasal obstruction on weekdays only. The symptoms tended to be worse in the afternoon and evening, especially nasal obstruction; in two subjects, rhinorrhoea and sneezing sometimes developed acutely within half an hour of exposure, changing during the day to persistent nasal blockage. In two cases, the severity of symptoms was influenced by the severity of exposure. Two of the four patients were smokers, admitting to chronic cough and sputum; one thought that these were mildly aggravated during the working day but the other denied any effect, and both denied wheezing or shortness of breath. Three of these men had skin tests; all three showed mildly positive (one-plus) reactions to the cedar extract at 30 minutes, with negative reactions at 24 hours. Two showed immediate reactions of similar size to house dust, to which the third subject showed a strong immediate response (three-plus). Ventilatory capacity during two working days was studied in three of these men, each of whom showed no change (less than 0 1 litre) in FEVY1.O over one day, whilst on the other day decreases of 0 2, 0 3, and 0 7 litre were observed. The significance of these findings is doubtful.
Special investigations
Chest radiographs were normal in all six asthmatic subjects, except for some hyperinflation and thickening of the bronchial walls consistent with asthma in cases 3 and 4. Except for Haemophilus influenzae in one culture in case 3, repeated sputum cultures in all cases yielded no pathogens. Sputum microscopy in cases 1 to 4 inclusive during symptomatic phases showed that eosinophils predominated over neutrophils, even in apparently mucopurulent specimens, the eosinophils usually forming 60 to 90% of the cells present. Blood eosinophilia was inconstant and mild but occasionally reached 10% of a total white cell count within the normal range. Erythrocyte sedimentation rates were normal.
Skin sensitivity Five of the six asthmatic patients showed negative prick tests to potent commercial extracts of a variety of grass pollens and, in the four tested, to tree pollens and other common inhalants; the fourth patient (case 1) showed several very weakly positive reactions of doubtful significance at 30 minutes. There were no delayed reactions. The results of intradermal tests are set out in the Table. All but case 3 showed definite immediate reactions to two commercial house dust extracts, and in case 2 the reaction was still apparent at 24 hours. In case 1, mildly positive reactions to two moulds were observed, but there was a reaction of comparable size to one of two control solutions; a bronchial provocation test with penicillium gave a negative result. Extracts of maple, pine and Western red cedar dusts, all from one factory, were specially prepared (see Appendix, p. 243) , and a second cedar extract was prepared from dust from another factory. D strength was diluted successively 1: 10 to give strengths, C, B, and A; only the results for strengths D and B are shown as representative. Case 1 showed mildly positive immediate reactions to each of the four D strength materials but not to the B strengths; case 2 reacted similarly, except for a negative result to maple; case 3 showed uniformly negative results, and case 4 uniformly 'weak positive' reactions, including a slight reaction to the control, and excluding a negative reaction to one of the B strength cedar extracts. Case 5, tested only with one D strength of cedar extract, showed a negative reaction. Case 6, also tested only with D strength cedar, was the only patient to show an unequivocally positive reaction of immediate type.
Reactions at 24 hours were observed only to D strengths; they were small red lumps about 5 mm in diameter, unlike the well-defined delayed reactions sometimes observed to house dust and aspergillus extracts in susceptible subjects. Such positive reactions to the cedar extracts were observed in cases 1, 2, and 4. In case 4, reactions of similar size were also observed to maple and pine, the latter also causing reactions in cases 2 and 3. In cases 3 and 4, all the tests were repeated after a course of hyposensitization therapy with negative results. Patch tests, using alcoholic extracts of cedar, maple, and pine, were negative in cases 1 to 4 at 48 hours.
As mentioned previously, but not shown in the Case 1 (Fig. 1 Case 3 (Fig. 3) Contrary to instructions, this patient had continued contact with cedar at work until two days before admission; his asthma had persisted and he had mild wheezing, with an FEV1.o of 2-6 litres and FVC 3-5 litres. By the second day his FEV1.0 had risen to 3-3 litres (FVC 4-1 litres) but moderate nocturnal asthma continued, with a decrease of FEV1.o to about 2-4 litres each night. There was no immediate reaction to a cedar extract but the FEV1.o fell from 3-6 to 3-1 litres after 7 hours, to 2-6 at 10 hours and at 2 am (17 hours) he awoke with severe asthma (FEV1.o 1 2 litres). Twenty-six hours after the provocative aerosol the FEV1 .o was 3X6 litres and he was free of symptoms. This patient was tested again after a two weeks' holiday in which there had been gradual but marked improvement; only mild evening wheezing persisted. Exacerbation of the latter was obviously produced by administration of cedar extract. When finally tested after two months away from work, and without symptoms, nocturnal asthma was again produced by the cedar extract.
In this subject, study during a symptom-free interval proved difficult and initially reliance had to be placed on the regular exacerbation of nocturnal asthma by administration of the provocative aerosol. It is of interest that, after months away from work, nocturnal asthma was regularly precipitated by hyposensitizing injections, which had been dutifully continued twice weekly. Case 4 (Fig. 4 When the episodes, whether of rhinitis, asthma or both, are isolated and the patient recognizes their relationship to intermittent exposures to Thuja plicata, the diagnosis is easy. However, sometimes the employee does not realize the significance of an occasional change in the timber on the production line (perhaps not affecting his own work), or he is reluctant to associate nocturnal symptoms with his day's work. In these cases, the diagnosis depends on the doctor's awareness of a specific hazard and his perseverance in investigating the occupational background.
The situation is more difficult in severely affected subjects who are continuously exposed, in whom the clinical picture does not necessarily differ greatly from that of many cases of non-occupational asthma.
There may be no change in symptoms over a weekend, and only partial recovery during absences from work of two to four weeks; deterioration after return to work is also sometimes delayed for a week or so. There is some similarity to the syndrome associated with exposure to toluene di-isocyanate vapour (Gandevia, 1964) , with which it also shares three features of value in the differential diagnosis from non-occupational disorders, namely (1) the complaint of cough often exceeds that of wheeze (so that the diagnosis of 'bronchitis' is preferred to 'asthma'), (2) histories given by some patients, the most interesting finding in the present study is the occurrence of asthma, following a single provocative exposure, on two or more successive nights, with daytime intervals when ventilatory capacity tests are normal. We know of no previous objective demonstration of this phenomenon; beyond invoking circadian variation in bronchial sensitivity, perhaps in the presence of a continuing antigen-antibody reaction, we are unable to offer any hypothesis as to the mechanisms involved.' Nonetheless, as it may well be of fundamental importance in the understanding of asthma in general, further study is obviously indicated. Equally, it would be valuable to know why symptoms may persist for days or weeks following cessation of occupational exposure. Investigation of these problems is feasible only in cases in which the asthma is known to have a single, identifiable cause, a situation rarely encountered outside occupational medical practice.
Management
The effective treatment of asthma due to Western red cedar is elimination of exposure. In milder cases, mere reduction in the amount of exposure, or the use of an efficient respirator, appears to suffice, an observation suggesting that dust control at source may be more effective than expected in a condition which is presumably allergic. However, serial estimations of ventilatory capacity in one such case, with no clinical symptoms after avoiding major exposure, still showed an asymptomatic reduction in FEV1 -o during the night of about 300% (Mitchell, 1970) .
Hyposensitization injections had no demonstrable effect in case 3; indeed, the fact that they were regularly nocturnal exacerbations became apparent only after occupational exposure ceased. In case 4, there is perhaps some evidence of a beneficial effect in that reactions to standard aerosol dosages tended to be less dramatic after hyposensitization, and naturally occurring fluctuations in the patient's asthmatic state were subjectively less marked. However, his 'everyday' level of ventilatory capacity was no better, and possibly worse.
Bronchodilator therapy, although helpful at night, does not fully control symptoms and does not return ventilatory capacity to normal. Steroids have been symptomatically effective (we have no objective data in our own patients) but cannot be regarded as desirable.
The role of pre-employment selection in reducing 'Similar patterns of bronchial reaction (immediate, delayed or late and nocturnal) have since been observed in workers with proteolytic enzymes used in the detergent industry (Mitchell and Gandevia, in preparation) .
the prevalence of the disorder is uncertain, although it seems wise to exclude those with any evidence of respiratory allergy or obstructive airways disease. None of the present asthmatic subjects had a previous or family history of asthma or allergy; by contrast, three exposed subjects with non-occupational asthma known to us have suffered no ill-effects from working with Thuja plicata. Komatsu (1964) , on the other hand, found that a family history of asthma was disproportionately common among affected employees. There is evidence, from a factory survey, of a greater reduction in ventilatory capacity during a day's moderate exposure in smokers with a productive cough than in those not so afflicted (Gandevia, 1970) , but this is probably a nonspecific phenomenon; some subjects with nonoccupational asthma or chronic bronchitis were not affected by working in the dust.
